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The Simons Observatory instruments and technology

Large Aperture Telescope Small Aperture Telescopes

A 14 m

A
v

18 m

——

6 m crossed Dragone coupled to
13 optics tubes,

Baseline is 7 tubes for SO, with
dichroic pixels:

* One tube: 30/40 GHz

* Four tubes: 90/150 GHz

* Two tubes: 220/270 GHz

Three refractors 42 cm in diameter,
rotating half-wave plate.

Dichroic pixels:

30/40 | 90/150 | 220/270 GHz




Simons Observatory Layout

One 6m Large Aperture Telescope
Three 0.5m Small Aperture Telescopes
Five-year survey planned 2021-26, six frequencies 30-280 GHz

Cerro Toco, Atacama Desert

Large telescope: resolution needed for all science goals except tensor-to-scalar ratio
Small telescopes: lower noise at the few-degree-scale B-mode signal, for tensor-to-scalar ratio



Anticipated Sky Coverage

Simons Observatory

small aperture survey effective fsky ~ 10%
for SO noise and
coverage, dedicated

delensing survey
not required

SPIDER
\

Simons Observatory
large aperture survey

N DESI .

effective fsky ~ 40%

maximal overlap w/
LSST, large overlap
w/ DESI

0.0 —— s 0.10 mK RJ
FDS dust emission
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Anticipated Noise Performance

SATS (fsxy = 0.1)

LAT (foy = 0.4)

Freq. [GHz] | FWHM (') Noise (baseline) Noise (goal) | FWHM (') Noise (baseline) Noise (goal)
[pK-arcmin] [pK-arcmin] [uK-arcmin] [uK-arcmin]
LF 27 91 35 25 7.4 71 52
39 63 21 17 5.1 36 27
93 30 2.6 . 1.9 2.2 8.0 . 5.8
MF 145 17 g.3|2Hcamin o 1.4 10| oHamin 63
225 11 6.3 4.2 1.0 22 15
HF 20 9 16 10 0.9 54 37

White noise levels for 5-yr survey; also include atmospheric noise model and combine with Planck



SO SAT Science: Primordial Tensor Modes

SAT BB forecasting based on full-sky simulated maps (PySM) w/ multiple sets of realistic
foregrounds

Sky models are combined with SO SAT noise model, then coupled to several foreground
mitigation schemes (cross-spectrum analysis, xForecast, BFoRe, harmonic-space ILC) to
infer r
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SO LAT Science: Neutrino Masses

Constraints derived from CMB lensing power spectrum (+DESI BAO), tSZ cluster counts (+LSST WL),
and tSZ power spectrum (+DESI BAO)

0.35

030

Current Cosmology (95% c.l.)

1072 1071
Miight [eV]

1073

o(2Mv) =0.04eV| —— 0.02 eV w/ CV-limited t




SO LAT Science: Light Relics

- and more

100 | ; | | — SO can detect any particle
| £ } : N with spin that decoupled
2 O | i i X after the start of the QCD

| £ phase transition (at 20)
20 | I @ I | (|
‘ \ : - o(Nefr) = 0.07
0r i 1 " o
10 | | : . .
| | — Bl Forecasts are strongly
| | — Boson (g=
| | — Femmion (52 robust to foregrounds
q - : Fermion (g=4 .
. : ) (driven by TE + EE)
1y I | Planck 20
| ! SO Baseline 20 : : :
= : ' - Other damping tail science:
Tr=Tqcp foH: particle with spin E : — ~J:~ i ) BBN (Yp)
0Ly Te=Tqcp foﬁspinless particle i ' : : 0.095 - HO |mprovement (NZX)
Tr<Tr for PE“‘C'”““ o ' o - Dark matter interactions
Tr<Tg for spinless particle ‘ ! . .
. | 11 |- Ultra-light axions
102 10l‘1 11(I)° l(l)1 l(ﬂ)2 163 J l(l)4 ll(l)5| 106

T, [MeV]



Table 1: Summary of SO key science goals®

Current® | SO-Nominal (2022-27) | Method? SWP
Baseline Goal
Primordial
perturbations (§2.1)
r(Ap = 0.5) 0.03 0.003 0.002¢ BB + external delensing | [28]
Ng 0.004 0.002 0.002 TT/TE/EE [28]
e 2"P(k = 0.2/Mpc) 3% 0.5% 0.4% TT/TE/EE [30]
figeal 5 3 1 rik X LSST-LSS [23]
2 1 kSZ + LSST-LSS
Relativistic species (5§2.2)
Negt 0.2 0.07 0.05 TT/TE/EE + kk [16]
Neutrino mass (§2.3)
Ym, (eV, o(7) = 0.01) 0.1 0.04 0.03 kk + DESI-BAO [11]
0.04 0.03 tSZ-N x LSST-WL
Ymy, eV, o(1) = 0.002) 0.03f 0.02 rk + DESI-BAO + LB
0.03 0.02 tSZ-N x LSST-WL + LB
Beyond standard
model (§2.4)
og(z=1-2) 7% 2% 1% kK + LSST-LSS [31]
2% 1% tSZ-N x LSST-WL
Hy (ACDM) 0.5 0.4 0.3 TT/TE/EE + kk [3]
Galaxy evolution (§2.5)
Nfeedback 50-100% 3% 2% kSZ + tSZ + DESI [2]
Dnt 50-100% 8% 5% kSZ + tSZ + DESI [2]
Reionization (§2.6)
Az 1.4 0.4 0.3 TT (kSZ) [1]
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The Simons Observatory Large Aperture
telescope

Beam: Optical Telescope
point for baffie at exit aperture

6-meter telescope developed in
collaboration with CCAT and built
by Vertex

2-mirror design with a side-
looking camera.

The camera rotates with the
elevation axis, and has a separate
camera-boresite rotation.

The back of the camera can be

accessed while installed on the 3D Cross-section of Yoke Structure
telescope. and Elevation Housing
(view towards M1)

The telescope is capable of
coupling to more than 100,000
detectors

12



The Simons Observatory Large Aperture Telescope

3 PT420 coolers
= 165 watts of cooling at 40 K
= 6 watts of cooling at 4 K

Dilution Refrigerator
=17 mW at 1K
500 uW at 100 mK

6-meter telescope developed in
collaboration with CCAT and built
by Vertex

2-mirror design with a side-
looking camera.

The camera rotates with the
elevation axis, and has a separate
camera-boresite rotation. Under contract for
T e e e total weight - S000kg () TelesCope, have
when populated with 13 tubes Multiple vendor

telescope. | + 1200 kg cooled to 4K quotes for receiver
The telescope is capable of 200 k led to 100 mK

coupling to more than 100,000 g cooledto 100 m
detectors

Y SIMONS

B ceservatory K
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The Simons Observatory Small Aperture Camera

~3.3 m long co-

Outer ground ~ moving shield

shield (not a
part of this RFP)

Azimuth stage '

+ 42 cm aperture size, 35 degree FoV
* 40,000 detectors for SO
+ continuously rotating HWP

- Ground screen 4.9 m high, 16

meters in diameter




SO Instrument Progress 2019



Large Aperture Telescope Receiver (LATR)

2017 2018 2019
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Large-Aperture Telescope

6 m Cross Dragone

2019
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Small Aperture Telescope (SAT)

2017 2018 2019



Small Aperture Telescope Platform (SATP)

2017 2018 2019

19



Universal Focal Plane Module (UFM)

20



Simons Observatory Outlook

[

Large Aperture
telescope
construction by
VERTEX

Large

Cryo- . . ship
Sgg;:;er Manufacture genic 'n;ﬁgr?;'s‘:n and
Design test testing
AD A9 99 A 9o
qp Qp qp @0 qp
e _—
First SAT on sky 2020
Small .
accep install
Aperture Platform : .
Platform Fabrication ttaer:t:e e ?:s(:
Design
Small .
Cryo- . . ship
%Z?;t::ae Manufacture genic m;gr:gl;(n and
Design test testing

« site design and construction

+ analysis pipeline development
« calibration strategy

= etc.




European Context

* Simons Observatory in construction
* By mid 2021: First light for SAT#1
* By early 2023: Construction complete

e European collaborators playing essential role
* Proposals to extend hardware role (e.g. Michael Brown’s talk next)
e Further collaborative ideas very welcome!

* SO and CMB-54 cooperation
* Large team overlap and strong contributions to CMB-S4 reference design
* Technical Sharing from SO to CMB-54



Backup



Simons Observatory Science Goals and Probes

) . relativistic neutrino
prlmord_lal species mass galaxy_ dark energy
fluctuations L PR evolution
_ d . il reionization lensin
Targe scale B-modes | damping tai g o7 KSZ tSZ, lensing
= tensor-to-scalar ratio = Net (TE, TT, EE) | sources potential tSZ, > os at z=2-3
(BB) - duration of (TT+EB), tSZ2 non-therma(ltg;eflf;g (lensing, tS2)
damping tail refonization (kS2) = Emy => feedback efficiency = growth of

- mean free path
of photons (kS2)

structure (kS2)

-> primordial power on small
scales (TE, TT, EE)

-> primordial bispectrum (fnL
via TTT,TTE,... + lens/kS2)
400 th
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1 billion

usand

. N \. T w | & W
The Big Bang . . . N
. ‘ ‘ i - » i .-: .
- \ ' -
E o &*’
) Vo~ » f y )
~» @
15 t s . R
O A L) ', . 2
Q
. 0 - - A
7] ® x *
5 B * . . ~ A
o Fully ionised “ . ﬁ
L | ! .
1000 100 10 1 redshift+1

Additional science includes (but is not limited to):

+ helium fraction, cosmic birefringence, primordial magnetic fields THE SIMONS OBSERVATORY:

 high-redshift clust
. dfrk :ﬁaielr aﬁ:iii?arﬁon and interactions SCIENCE GOALS
* isocurvature AND FORECASTS

+ calibration of multiplicative shear bias (e.g., for LSST)

+ new sample of dusty star-forming galaxies 1 808 07445

+ transient sources
+ cosmic infrared background




Science and Planning - 2018

VO - Initial Instrument Concepts — Oct. 2016
V1 — Detailed Instrument Concept — Jan. 2017
V2 - Frequency Balance — June 2017

V3 — Sensitivity Budget and Tracking - 2018

Science Traceability Matrix

I R TN TN
T e [ew [ e
I T e N N W

—

tSZ+LSST/k

I L e T I I T

Measurement Requirements - SAT

Title Description Trace
30, 40, 90, 150,220, 280 GHz
T comitssieznwemn |

Measurement Requirements - LAT

Description Trace

Title
sensitivity white noise SR-1b-6

(Goal) 52, 27, 5.8, 6.3, 15, 38 uK/amin
1/f noise knee <1000 SR-3-6

pol systematics systematics below 40% of statistical errors SR-1b-6

40+% sky, overlapping with LSST (f=0.35-4),

DESI (f=0.1) SREAb26

sky area




